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March 21 ,2002

Mr. Stan Komperda
Project Manager
Illinois Environmental Protection Agency
Bureau of Land
1 02 1 North Grand Avenue East
Springfield, Dlinois 62794-9276

Re: Groundwater/Enclosed Space Inhalation Risk Evaluation
Lockformer Site, Lisle, Illinois

Dear Mr. Komperda:

EPA Region 5 Records Ctr.

26S606

In response to your recent comments, Parsons is pleased to provide th£_ffellowing
summary of our evaluation of the inhalation risk posed by groundwater containing dissolved
concentrations of trichloroethene (TCE) in the vicinity of the Lockformer site in Lisle, Illinois.

SUMMARY OF ANALYSIS

Parsons performed inhalation risk evaluation using the ASTM 1739-95 Risk-Based
Corrective Action standard, Section X2.S, Ground Water - Inhalation of Enclosed-Space
(Indoor) Vapors. This methodology was used to estimate the inhalation risk in the basement
of a theoretical private residence located directly above a groundwater plume of TCE in a
subsurface lithology consistent with that of the Lockformer site in Lisle, Illinois.
Attachment A includes the relevant pages from the ASTM standard that were used in
evaluating this risk. Attachment B contains the specific work sheets developed by Parsons,
which include all of the assumed input parameters used in this evaluation and the referenced
source for each parameter.

A detailed description of the calculation methodology is included below. D! summary,
the ASTM analysis indicates that at the maximum concentrations at which TCE has been
detected in a private well in the vicinity of the Lockformer site (~20 ppb), the contribution to
inhalation cancer risk is less than 1 x 10"6. Specifically, our analysis was performed using
three assumed groundwater concentrations for TCE: 10 parts per billion (ppb), SO ppb, and
1,000 ppb (or 1 part per million, ppm). The table below shows the resulting inhalation cancer
risk posed by each of these assumed concentrations:

TCE Concentration (ug/I)

10

50

1,000

Inhalation Cancer Risk

2.03 x 10-7

1. 02x10"*

2.03 x 10'5

RECEIVED

MAP 2*5 2002
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LIMITATIONS OF ANALYTICAL METHODOLOGY j

Having supplied the results of our analysis above, we feel it is also important to point
out the significant limitations of the analytical method described in the ASTM standard. A
quick perusal of the attached worksheets shows the significant number of assumptions that
need to be made in order to complete this analysis. The geometry of the lithoJogy, the depth at
which the TCE plume is traveling laterally, and the specific geometry of the foundation cracks
through which TCE vapors are assumed to enter the indoor space all factor significantly into
the results of this analysis; none of these input parameters to the analytical model are known
with any degree of certainty for the Lockformer site.

For reasons explained in more detail in the following section, the analysis is particularly
sensitive to the thickness of the capillary fringe layer, or in the particular .ease of the
Lockformer site, to the thickness of uncontaminated water that may exist above the.hbrizon at
which the TCE plume may be traveling laterally in bedrock. (This sensitivity is related to the
fact that any thickness of uncontaminated groundwater will significantly inhibit the diffusion
of TCE in an upward direction). An illustration of this model sensitivity is shown in the table
below. Three different thicknesses of an uncontaminated, inhibiting groundwater layer were
assumed. The corresponding TCE source concentration related to an inhalation risk of 10"*
was men calculated As shown by the table below; the thickness of this groundwater layer is
roughly proportional to the source TCE concentration corresponding to a risk level of 10 .

Assumed Thickness of
Inhibiting Groundwater

Layer (ft)

1

5

10

i
TCE Concentration

Corresponding to 10"*
Inhalation Risk (ue/1)

10.6

49.2

97.5

Because the inhalation risk level varies so significantly with the variation of the
inhibiting groundwater layer (an unknown parameter at the Lockformer site), it is important to
view the results of our analysis through the context of this limitation. Still, the variation in
risk level varies primarily in a conservative manner, i.e., the risk level is likely less than 10~6

in the vicinity of the Lockformer site, given all of the currently available information.

DETAILED DISCUSSION OF ANALYSIS

The chemical characteristics of TCE used in the analysis were obtained from Part 742,
Illinois Administrative Code. Most of remaining input parameters were obtained directly
from the ASTM standard. The inhalation cancer slope factor for TCE was provided by the
ffiPA.
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The site-specific parameters used in the calculations are depth to groundwatc r, thickness
of the capillary fringe layer, and the thickness of the vadose zone. In our analysis, the air and
water volumetric content of the pore space within the capillary fringe layer w«*-modified to
reflect the most likely transport mechanisms of the TCE plume at the Lockformer site.

Figure 1 in Attachment A shows modeling assumptions regarding the definition of
depth to groundwater, thickness of the capillary fringe, and the thickness of the vadose zone.
It is assumed in this model that the constant source of dissolved contamination is already
present at the top of the water table and that no diffusion transport is needed for contamination
to reach the top of groundwater table from this constant source.

Transport characteristics through soil and the capillary fringe zone depend on the
thickness of the zone, the air and water volumetric content of the pore space within the zone,
and the compound diffusivity through air and water. The effective diffusion coefficient is a
measure for the combined effect of these factors. The air diffusivity coefficient for TCE is
several orders of magnitude higher than the corresponding water difrusivity.coefficient.

For that reason, the effective diffusion through the capillary fringe zone (containing
mostly water) is significantly lower than the effective diffusion coefficient for the vadose zone
(containing mostly air). The resulting overall effective diffusion coefficient (calculated for the
entire zone over which diffusion takes place) depends most significantly on the thickness of
the layer with the smallest diffusion coefficient (the capillary fringe layer). Accordingly, the
thickness of this capillary fringe layer is a much more significant input parameter than the
thickness of the vadose zone through which the TCE roust diffuse.

For the purposes of this analysis, Parsons assumed that the TCE plume has traveled
laterally through a network of bedrock fractures to die off-site residential neighborhood, and
that at least some of the groundwater in the saturated zone above the bedrock (and beneath the
private residences) has not been affected (as would be the case if the release of TCE had
originated from directly above). This conclusion has yet to be proven with actual "Jiata, but is a
reasonable assumption given the likely transport mechanisms of the off-site TCE plume.

The attached evaluation assumes that the constant source of dissolved contamination in
bedrock is approximately 5 feet below the groundwater surface. Based on currently available
data, this is a conservative assumption (i.e., the thickness of uncontaminated groundwater may
be more than 5 feet). Parsons treated this 5-foot layer as a capillary fringe layer by adjusting
the volumetric content of soil vapor for this layer to zero to reflect the fact that the entire 5-
foot thickness is completely saturated with water.

SUMMARY OF ANALYSIS

Overall, our analysis of the available data using the best available models leads us to
conclude that TCE groundwater concentrations above 50 ppb at the^Lockformer site could
potentially contribute to an inhalation cancer risk greater than 1 x 1 0 ; however, the highest
groundwater TCE concentration actually observed in the vicinity of the Lockformer site is less



Mr. Stan Komperda
March 21,2002
Page 4

than this level (-20 ppb). It should also be noted that the limitations of thej calculation
methodology should not be ignored; the results of this analysis are very sensitive to changes in
input parameters, and our conclusion should only be viewed as a preliminary conclusion based
upon the available data. The only way to confidently and quannfiably determine the
inhalation risk in the private residences would be through a systematic and empirical air
sampling program in the vicinity of the Lockformer site.

We appreciate the opportunity to provide you with this analysis. Please call
Mr. Sasa Jazic at any time if you have questions related to this letter, or should require any_ ^

other additional assistance.

Sincerely,
PARSONS CORPORATION

Sasa Jazic
Project Engineer

Richard
Technical Director

SJ/RF:ko
enclosures
cc: Stan Black, IEPA

Maggie Carson, IEPA
Tracy Hurley, IEPA
Michelle Ryan, IEPA
Kendra Pohn, AGO
Howard Chinn, AGO
File: 739542



ATTACHMENT A
ASTM 1739-95

Ground Water - Inhalation of Enclosed-Space (Indoor) Vapors



and parameters used to prepare the example look-up
Table X2.1. The basis for each of these equations is discussed
Jo X2.2 through X2.10.

X2.2 Air—Inhalation of Vapors (Outdoors/Indoors)~ln
'this case chemical intake results from the inhalation of
vapor*- It is assumed that vapor concentrations remain

over the duration of exposure, and all inhaled
* are absorbed. Equations appearing in Tables X2.2

xand X2.3 for estimating RBSLs for vapor concentrations in
the breathing zone follow guidance given in Ref (26). Should
the calculated RBSL exceed the saturated vapor concentra-
tion for any individual component, ">P^f" is entered in the
fable to indicate that the *dected risk levd or hazard
quotient cannot be reached or exceeded for that compound

E1739

and the specified exposure scenario.
X2.3 Ground Water—Ingestion of Ground Water—[^ this

case chemical intake results from ingestion of ground water
It is assumed that the dissolved hydrocarbon concentrations
remain constant over the duration of exposure Equations
appearing in Tables X2.2 and X2.3 for estimating RBSLs for
drinking water concentrations follow guidance given in Ref
(26) for ingestion of chemicals in drinking water. Should the
calculated RBSL exceed the pure component solubility for
any individual component, ">S" is entered in the table to
indicate that the selected risk leveTor hazard quotient can-
not be reached or exceeded for that compound and the
specified exposure scenario (unless free-phase product is
mixed with the ingested water).

TABU X2J EqwOon* Ueed to Develop Example Tier 1 RWt-fleaed Screening Level (RBSLs) Appearing In -Look-Up" Teble X2.1-
Cerehueeflfc Effect!4

Non—Saa TaMa* X2.4 thnxtfi X2.7 tar OHfUan of parameter*.
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TABU XZ4 Exposure Parameter* Appearing ki TjtfaaJU îod X2J
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AT.
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&
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surface,
X2.4.2.4 No loss of chemical as it diffuse* towards ground

surface (that is, no biodegradation), and
X2.4.2.S Steady well-mixed atmospheric dispersion of the

emanating vapors within the breathing tone as modeled by a
"box modeT for air dispersion.

X2.4.3 Should the calculated RBSL* exceed the pure
component solubility for any individual component, ">S" is
entered in the table to indicate that the selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario.

X2.5 Ground Water—Inhalation «f EndosedJpoce (In-
door) Vapors:

X2.5.1 In this case chemical intake results from the
inhalation of vapors in enclosed spaces. The chemical vapor
originate from dissolved hydrocarbons in ground water
located some distance below ground surface. Here the goal is
to determine the dissolved hydrocarbon RBSL that corre-
sponds to the target RBSL for vapors in the breathing z .e,
as given in Tables X2.2 and X2.3. If the selected target vapor
concentration is some value other than the RBSL r
inhalation (that is, odor threshold or ecological criterion),
this value can be substituted for the RBSL* parameter
appearing in the equations given in Tables X2J and X2.3.

X2.5.2 A conceptual model for the transport of chemicals
from ground water to indoor air is depicted in Fig. X2.2. For
simplicity, the relationship between encIosed-Jpace air and
dissolved ground water concentrations is represented in
Tables X2.2 and X2.3 by the "volatilization factor" VF ,̂
((mg/m3-air)/(njg/L.H2O)] defined in Table X2.5. It is based
on the following assumptions:

X2.S.2.1 A constant dissolved chemical concentration in
ground water,

X2.5.2.2 Equilibrium partitioning between dissolved
chemicals in ground water and chemical vapor* at the
ground water table,

X2.5.2.3 Steady-state vapor- and liquid-phase diffusion

through the capillary fringe, vadose zone, and foundation
cracks,

X2.5.2.4 No loss of chemical as it diffuses towards ground
surface (that is, no biodegradation), and

X2.5.15 Steady, well-mixed atmospheric dispersion of
the emanating vapors within the enclosed space, where the
convective transport into the building through foundation
cracks or openings is negligible in comparison with diffusive
transport

X2.S.3 Should the calculated RBSL* exceed the pure
component solubility for any individual component, ">Sn is
entered in the table to indicate that die selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario.

X2.6 Surfidal Soils—Ingtstlon, Dermal Contact, and
Vapor and Paniculate Inhalation:

X2.6.1 In this case it is assumed that chemical intake
results from a combination of Make routes, including:
tngestion, dermal absorption, and inhalation of both panic-
ulate* and vapors emanating from surfidal soil.

X2.6.2 Equations used to estimate intake resulting from
ingestion follow guidance given in Ref (26) for tngestion of
chemicals in soil For this route, it has been assumed that
surficial soil chemical concentrations and intake rates re-
main constant over the exposure duration.

X2.6.3 Equations used to estimate intake resulting from
dermal absorption follow guidance given in Ref (26) for
dermal contact with chemicals in soil For this route, it has
been assumed that surficial soil chemical concentrations and
absorption rates remain constant over the exposure duration.

X2.6.4 Equations used to estimate intake resulting from
the inhalation of puticulates follow guidance given in Ref
(26) for inhalation of airborne chemicals. For this route, it
has been assumed that surficial soil chemical concentrations,
intake rates, and atmospheric paniculate concentrations
remain constant over the exposure duration.

X2.6.5 Equations used to estimate intake resulting from

25
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the inhalation of airborne chemicals resulting from the
volatilization of chemicals from surficial soils follow guid-
ance given in Ref (26) for inhalation of airborne chemicals.

X2.6.6 A conceptual model for the volatilization of chem-
icals from surficial soils to outdoor air is depicted in Fig.
X2.3. For simplicity, the relationship between outdoor air
and surficial soil concentrations is represented in Tables

E1739

X2.2 and X2.3 by the "volatilization factor" VFU
[(mg/mJ-air)/(mg/kg-*Hl)] defined in Table X2.5. It is based
on the following assumptions:

X2.6.6.1 Uniformly distributed chemical throughout the
depth 0—d (cm) below ground surface,

X2.6.6J Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where

TA8t£ X2J VoMWutton Factor* (VF,), UacMng Factor (If*,), «nd Efftcttv* DMtolon Co«fflcMm» (Of)

Ground wMr-»«notoMtf-«p«M vapor*

Ground w«Mr -. «nbtont (outdoor) Mpan

SurHOW wl» —

Vff

Hf.

VfMM 3ub«urteo* Mto -. antttan air 'l*"BC<0«s«)J

•8MMPO).
eSMMr(31).
0 BaMd on mass Minor
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Note— SM X2.1

. qb E 1739 _____

X2.6 Soil, BuMfog, Surfic*. tnd Sufa«urt«c« Parameter* Ui*d In Generating Exempt* Ttor 1 RB3U
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i Mkn̂ MMnMon Mt rabo, om
^^ i hM«Mon or ««• tfiiUimii. cm
oapOi to gnound waaar • ^«^ ̂  ^»» cnt
dip** <o wbmrtM* wl nurow, cm

w

»r

I"**"*

pura oompon-nt tdubBKy In wttw, mpA-HjO
wW «M«d (MM ground wrton ki «mUwit mbdng zone, cm/s
ground ««» Ovcy wtocKy. CRVYMT
wMh o( WUTM VM pyitu to wM. or ground wtw tow *»e*lon, cm
•mbiirt Hr mh*g zom MgM. cm
ground wttar mbdng ton* Mcfenn*. cm
VMl fnctton o* cncto In toundrtoni/wriU. cm*<rKkVcm*.iaajl «M
vohmtrto * oonunt m oiplHy Hng* «oB. cm«-«lr/oni1-*ol
«lum«rtc Mr oontw* In touodrton/**! crada. cmMlr/lcm» lottl volume
*olum«We itr contm h VKXM «n« Mb, om» l̂r/emj-«o*
toM Ml porotfty. oms/em»^o»
vakmitrfo wn»r oonttnt In caplvy trtng* sol*, cm»-H1O/cm»-«ol
wokMNtrfc «wMr canunt In toundrton/wrt cradaj. cm**<tO/cm» tottl vc(um«
wkMMto mtar contort ki «MOM xorw Mh. emMljOfernMol
Ml buk dHHttyi g-MS/cn̂ Ml
Mnmngftnt tor vwor flux. <

CommeroW/lndu«trt«
lOOpn

0.00023 1-'
00)1

295cm

300cm
15 cm
300 cm
100cm
8.9 x 10-"

22$ cm/i
2600cnyyMr
1500cm
200 cm
200cm
0.01 cm*<racki/a
0^38

•PJauti

22Seny»
2500cm/yMr
1500 em
200cm
200am
0.01 om*<rack«/cfnMotal ITBB

0 26 em*4ir/ema tottf volum* 036 ^A^-tfr/icm* «oul vdum«

0.12 em*4V>/em* tott votoM
a342cm>4i1O/bTi*-tc<l
O.t2 arPjyOfm? tot* volum*

1.70/ont*
7JI x 10* »

the partitioning is a function of constant chemical- and
soil-specific panmeten,

X2.6.6.3 DifiUsion through the vadose zone,
X2.6.6.4 No toss of chemical as it diffuses towards ground

surface (that is, no biodegndation), and
X2.6.6.S Steady well-mixed atmospheric dispersion of the

*n>fn«fing vtpon within the breathing zone as modeled by a
"box modd" for atr dispersion.

X2.6.7 In the event that the time-avenged flux exceeds
that which would occur if all chemical initially present in the
surficial soil zone volatilized during the exposure period.

men the volatilization factor is determined from a mass
balance assuming that all chemical initially present in the
surficial soil zone volatilizes during the exposure period.

X2.7 Subsurface Soils—Inhalation of Outdoor Vapors:
X2.7.1 In this case chemical intake is a result of inhala-

tion of outdoor vapors which originate from hydrocarbons
contained in subsurface soils located some distance below
ground surface. Here the goal is to determine the RBSL for
subsurface soils that corresponds to the target RBSL for
outdoor vapors in the breathing zone, as given in X2.2. If the
selected target vapor concentration is some value other than

TABLE X2.7 CtmnlcjKp̂ Hlc Prop t̂e* UMd In th» Pi i Exwnpto Ttor 1

CAS Numbv „ g/rral (T.cm1/*

TokUM
71-434
10848-3
100*41-4
133040.7
91-204
6042-8 .

78*
92*

106*
106*
128*
252C

OJB*
056*
OJ2*
059*
0^49*
64x10-«»

0.003*
OJ)66*
OXT76*
0X72"
0:072"
0X060°

1.1X10-**
9.4 x lO-«>
Six I0-«e
8.6 x 10-"
9.4 x 10-«*

i i-*
2.n*
1.98*
2.38*
3.11*

2.13*
2J66*
3.13*
356*
358*
6.96*

CASNumtnr .mg/KQ^y

MbMQ icyHnM

6)«»o(Hpyi«i»»

106-684
100-41-4
1330-20-7
91-204
5042-8

0.029'

7.3'

0.029'

6.1'

05'
0.1'
2.0'
0.004«

0.1 1""
059'
2.0'
0.004<=

oOMMto ffcla iMk» ttw mettxxJ rt FUtor, Sdwtttar. and Oddnoi. *om M (11).
- 0.937 tag(K.J - 0.006. torn M (11).
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*the RBSL for inhalation (that is, odor threshold or ecological
criterion), this value can be substituted for the RBSLair
parameter appearing in the equations given in Tables X2.2
and X2.3.

X2.7.2 A conceptual model for the transport of chemicals
from subsurface soils to ambient air is depicted in Fig. X2.4.
For simplicity, the relationship between outdoor air and soil
concentrations is represented in Tables X2.2 and X2.3 by the
"volatilization factor," VF^* [(mg/m}-air)/(kg-soil)], de-
fined in Table X2.5. Il is based on the following assump-
tions:

X2.7.2.1 A constant chemical concentration in subsurface
soils,

X2.7.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where
the partitioning is a function of constant chemical- and
soil-specific parameters,

X2.7.2.3 Steady-state vapor- and liquid-phase diffusion
through the vadose zone to ground surface,

X2.7.2.4 No loss of chemical as it diffuses towards ground
surface (thai is, no biodegradation), and

X2.7.2.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
"box model" for air dispersion.

X2.7.3 Should the calculated RBSL, exceed the value for
which the equilibrated vapor and dissolved pore-water
phases become saturated, C/* [mg/kg-soil] (see Table X2.5
for calculation of this value), "RES" is entered in the table to
indicate that the selected risk level or hazard quotient cannot
be reached or exceeded for that compound and the specified
exposure scenario (even if free-phase product or precipitate is
present in the soil).

X2.8 Subsurface Soils—Inhalation ofEnelosed-Spacc (In-
door) Vapors:

X2.8.I In this case chemical intake is a result of inhala-
tion of enclosed-space vapors which originate from hydrocar-
bons contained in subsurface soils located some distance
below ground surface. Here the goal is to determine the
RBSL for subsurface soils that corresponds to the target
RBSL for indoor vapors, as given in Tables X2.2 and X2.3.
If the selected target vapor concentration is some value other
than the RBSL for inhalation (that is, odor threshold or

"*
»J "f bniihtai

=d * ~
radoiezom

'cw ]'
dlfhdnc t»p«n

opIUarjr tone

-W-

ecoiogicai "•tt*"rtllFi ""* «»"«* <*n •h^-sjih******^ for 'the
RBSL ,̂ parameter appearing in the--*quations given in
Tables X2.2 and X2.3.

X2.8.2 A conceptual model for the transport of chemicals
from subsurface soils to enclosed spaces is depicted in Fig.
X2.5. For simplicity, the relationship between indoor air and
soil concentrations is represented in Tables X2.2 and X2.3
by the "volatilization factor," KF^ [(m*/m3-au)/(kg-soU)],
defined in Table X2.S. It is based on the following assump-
tions:

X2.8.2.1 A constant chemical concentration in subsurface
soils,

X2.8J.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where
the partitioning b a function of constant chemical- and
soil-fpecific parameters,

X2.8.2J Steady-date vapor- and liquid-phase diffusion
through the vadose zone and foundation cracks.

X2.8.2.4 No loss of chemical as h diffuses towards ground
surface (that is, no biodegradation), an?

X2.8.2.S Well-mixed atmospheric dispersion of the ema-
nating vapors within the enclosed space.

X2.8.3 Should the calculated RBSL, exceed the value
C,** [mg/kg-coil] for which the equilibrated vapor and
dissolved pore-water phases become saturated (see Table
X2.5 for calculation of this value), "RES" is entered in the
table to indicate that the selected risk level or hazard

krtMMnc

•Ir

dlffmlng
v»por«

FKJ. X2.1 VolatWutlon from Ground Water to Ambient Air HO. X2J VotetNzatfon from Surfldal So««
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CALCULATION OF SITE-SPECIFIC QROUNDWATER SCREENING LEVEL

FOR ENCLOSED-SPACE VAPORS PROTECTION

Private R«sM«nc«
Vldnlty of Lockformw Fadity

LUjto, Illnota

Chemical Compound: Trtehlorotthyton*

MPUT PARAMTBftS

16-06 ASTM
BW 70 J!SL ASTM

70 ASTM
1S ASTM

EF 360 ASTM
CO JCL ASTM
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